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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

BACKGROUND OF THE INVENTION 

There are various ways of sensing ,he rotation of an induction motor Tachogenerators 
resolve, * and Hell-effect sensors are some of the conventional sensins devices But ail 
such sensing methods ueces §ll a i? «»^ the use of addition! hardware on the induction- 
motor frame itself , n many applications, where there are J^e^ cost constant* « 
may not be possible to use addit.onai sensing devices on the motor frame. 
^aeWm^^fae^eiPh ^Ki al c onstraints , i t to, man v-n timo, npt p om^te^^Wwa^ 
JiteAfieMkM^e**, n^»W^e^ When an induction motor to being dr.ven by 
us.n S a variab.e-speed *e drive, .t ,s possib.e to d^uu^^ ^.^.^fi^^ 
Wt,K an8lilar Tn ° Vemcm of the rotor But when the power to the drive is tamed off 
and the induction motor keeps rotate either due to its rotor's moment of inertia or due 
to some externa, mechan.c*. force, it is not possible to sense the angular movement of the 
rotor of the mduction motor without ,he use of an extra device coupled with the frame of 
the induction motor 

In .may applications, it becomes essential to be able to deject the angular 

movement of the rotor of the induction motor afte, electrical power driving the motor has 
been swnched otr;^ Like in the case of the hi«h-rpm induction motor driving high- 
speed grmdmg wheels resting on oil-fed hydrostatic bearings -At the time******** 

l**************** As there are physicai constraints to 4* introducing an 
addu.ona. convention.! sensor in the above-mentioned example, a^utjojU^led to 

^^^^^^vn^. , hcre a , e U)w . cost areas Qfapp]ic&tion Uke elTOtr . cal 
saws and industria! blowers; where the m sensing of rotation of the driving induction 
m ° l0r *-^^^Lmm S LJO..tbe moteri^MBffiB can provide a safetv interlock 
wUho.ui.any. ^^^WW^ alteration mJ te hwrt^j. 
^r-U^- mechanical construction ofsuch equipment. 
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BRIEF SUMMARY OF THE INVENTION 

The rotor of acommon««y induction motor is in the form of multiple shorted secondary 
windings of a transformer. The electrical conductor is made cither of aj^inym 
^»^mror cogpe G _ -t^pp*; the magnetic circuit comprises of silicon-steel Siiiee*- 
-Steef stampings stacked together. When power is switched off to an induction motor, the 
residual magnetism of the iilicon-_MeeJ Silieen^eeF stampings form multiple poles on 
the angular face 0 f the rotor. These multiple magnetic poles induce minute electrical 
current in the stator winding *4mlmgs-just like as ilhagpe^ in a small alternator. The 
frequency of the output voltage generated m this manner is directly proportional to the 
angular y_eio^ ^evement of the rotor of the induction motor. Contactors and relays are 
arranged m a manner .so that this sensor voltage could be directed to an amplifier and/or 
counter to be abie to draw inference from the sensor signal. 

^y-f^year S 4>ack-the object of thewv^oft wa^t^^ art i«g^Knm*«d t«- 
^-ee-phase battery-dnven iflvertef tokeepTu^mg^oa^p^^i^ 
l^mg-wteelsof.*.^^^^ canw to a ctop.TWgriadinfr- 

^vheets-r^ed (W a-prec^hydroste b^ flg -to wfrch- t h , oi l p um p co nstantly-^* 
pumpmg oil 4^4iydroa*k^ ea ^ „ ^ u j rft(i ofl pT0tcm » in the bc3rjnfi ig 

^mm^mdAh^^ of-which ^^f„hn, ^ngn thr rrprnnhn b,. , l[iug , 
- making 4 t tmsemccable -- 

-^i^^^ain^^ame^^^ The of my 

device on the u,duchon motor makes this invention particularly easy to implement. Many 
a lime it is physically nnpossible to accommodate any piece of hardware in and around 
an induction motor, ,n these Circumstances the present invention could be of particular 
use. In addition, in applications where *v««-wh** the motor is not powered. 4** and is 
.otatmg due to some other mechanical linkages, this invention could be used to detect 
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^juantify that movement without putting -asitfg any conventional additional device on the 
OSQter like tachogcncrator, r w olv o r or e nc oder - thus saving both cost and space. 

Tta$ inventi on guccessfally solves the problem of detecting during a power o utage 
tfte rotation of th$ totor of the sp in d le-driving i nduction motor in a g rin ding machine with 
hydrpstqtic b earings supporting the spindle, which hoids big grinding wheels. The 
im possibility of fitting a sensor in the extremely harsh conditions near the g rinding 
wheels means having a sensor on the spindle-driving induction motor, which is 
physically very difficult Anv alteration in the mechanical qKHiating of the spindle- 
driving induction motor c^ild di sturb the mechanical alignment which is absolutely 
necqft sary for a satisfactory operation of the grinding machine This inventi on obviates 
thej ised to even touch the mechanical parts of the grinding machine and solves the 
problem by using the spindle-driving induction motor as a sensor to detect its own 
reflation during a power outage to b e able to give command to a battery-powered inverter 
to commence eleqric al supply to the oil-pump motor supplying oil to the very expensive 
and critical hydrostatic bearings supporting the sp indle 
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DEI AILED DESCRIPTION OF THE INVENTION 



In most of the general-purpose induction motors, the rotor is of squirrel-cage 
vmn^*******. where the shorted secondary windings of the induction motor 
are placed The primary winding generally JS on t he stator. The magnetic circuit of the 
induction motor consists of Hhcor^eel Silieen-Steef stampings stacked together to 
reduce eddy-current losses in the magnetic circuit. After an induction motor is switched 
off from the mains supply, theoretically, the residua! magnetism of the ferro-magnetic 
«ag*^circuit tends to be zero Still, little bit of residual magnetism remains in the 
rotor as well as the stator. Weak but distinct permanent wm*K~*«* formed on the 
rotor, make the induction motor rotating without electncal driving power pewe* function 
as an alternator producing weak but distinct electrical wavt.. Till now, this miniscule 
signal either used to get sunk in the mains power lines, or** went unu S e<UfiJhe 
^^MMMhm^o mMsjL uaefe**^ The voltage Votegeand the frequency of 
tins tactogsosstor Signal » proportional to the rpm of the induction motor running due 
to its moment of inertia in the absence of arrxex to I electrical driying^ower. ***ve- 
W Gradually the rotor of the induction motor conies to a halt. With this W a » when- 
ce signal coming out of the stator winding stops Generally, the rms value of this signal 
voltage ,. between 30 and 0 1 Volts for practical sensing applications to be successfully 
unplemented. At voltage Vekage-ievels below 0 1 Volt, the noise voltage Vekage* 
interfere, and discrimination of the signal deteriorates InMsmM a_three- a h a5 e 
mduciioji motor. jap^ Jtojj^ios^f the thr^-pha 6a ind ^ tion mot of ^pplyW 
haw a contactor ,n series with the mains supply to turn the induction motor on and off 
Even when the induction motor ,s being driven by a vanable-speed drive, usually there is 
* !brj£*ojfi *W|*>1» contactor in conjunction with an sm^mmj^^e^H^ 
-Keky to turn off the induction motor i„ case of emergencies. This contactor (CN 1 in 
FIG f ) ift series with the mains supply to the three inputs I'.VandW ftJ-v^^FIG 1 ) 
disconnects the motor from the mains supply as soon as the mains power is disconnected 
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w turns i s tu rn ed on'. At this instant, in s t a nc e , two connections conn e xion s- to any two of 
the three inputs U, V and W (FIG 1 ) going through two independent , normaHy closed 
-nefmal^e io o od contacts of a relay or a contactor reach the tacho generator signal from 
the induction motor acting as a residual-magnet alternator to an amplifier and/or counter 
This two-pole^double-throw contactor or relay (CN 2) is of much lower current rating 
than the main motor-control contactor CN 1 in FIG 1 . CN 2 and CN 1 could be driven by 
any logical signal or directly by the mains supply. 

Due to high moment of inertia, in cert ain -massy- cases, induction motors connected to 
a flywheel freewheeling load -leads like a high-speed gnnaing-wneei stacft a ooc motKyg - 
keeps keep rotating r e v olving for nearly 1 0 minutes before stopping fully . In this case, 
the self-generated tachogenerator signal from the induction motor w ould be availabl e 
throughout those 10 minutes after a mains power fa ilure hi the ease ef t his -se tf - 
^HS^cated tac h o signal bemg-ampUfled-afte^- mains power failure; The amplifier 
and/or counter for this tfrchpgen erator signal would need o oo d fl to have -a power «9we^ 
source i n the form of a recharge able battery or a high-value capacitor, TW^-eeald-be- 

-high-value -#uf hh -capacitor 

in some applications - as was the case or providing starting trigger yojtage Voltage - 
to a battery -powered, three-phase inverter -BPS-- the self-generated tachogenerator signal 
can be directly applied after simple full-wave rectification utilizing a bridge rectifier. In 
such applications, 4he-fcFPSr-e^the battery-driven inverter or the UPS runs for a preset time 
after receiving a start signal from the self-generated tacho generator output of the 
induction motor whose angular movement was to be delated, - known : 

In the application of this inv entio n, m v onoo ft it is important that three-core or twin- 
core 4wiR-cof^ shielded pabie is ^akk»s~af» used to wireCN 1 tfi-eftd-the motor M (in Fig. 
I ). Number of cores in the shielded cable depends <*epe»4-upon whether the motor in 
question is a single-phase or thr ee-phase o ne sing l e ph ase or thre e^haserThe external 
shield of the cable has to be grounded preferably, on both the ends 

When an amplifier and/or counter is used to process the self-generated 
tachogenerator signal from the application motor, it is important to have an gvgirydtage 
-twervoltage- protection circuit at the front end of the amplifier and/or counter module 
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This 4fets- would prevent the amplifier from getting damaged if the relay contacts of CN 2 
(HG 1) got -get- stuck; in that case full motor supply voltag e Voltage would *v4M- appear on 
«t the input of the amplifier Amplifier and/or counter 

Tfag Mo a t of the windings of most of the induction motors are of fairly low 
impe^nce. imp e dence. This improves the sign al-to-no ise sign al t o n l> isfc ratio of the self- 
generated tachoga nerator signal coming out of the motor stator windings Furthermore, 
induction motor housings are electrically and magnetically fiJly shielded; which prevents 
external sources of noise from breaking in. The robustness of construction, low source 
imp ute ope impedonc* and ease of use make this self-generated tacho generator output 
from any induction motor a more suitable solution in some mains hold-up or power-off 
applications compared to the use of an additional sensor with the induction motor to 
detect -fcaew the angular movement of the rotor of the motor. 

In another addition fo the application, CN 2 in FIG 1 could be of 3-pote type. The 
three-phase ^f^ngjatgd seltgc n e ra ted tachogenerator output is sent to &.j&a$e- 
&$SQQU!i3U!^ detect the phase relationship between the 

three signal phases This will logically indicate the direction of rotation of the rotor of the 
induction motor. 

In comparatively smaller-capacity induction motors, the use of CN2 could be 
avoided by using CN 1 contactor with auxiliary ^mKilfatfV normally closed «ermatty- 
-eiesed contacts, in large contactors, Auxiliary w^+ttwy coittacts would gradually g et 
dg&?$ited with residues left out of the rep eated arcing t aking place during the make-antf- 
break ope ration of main contacts tend to catch deport s emanated on H»f4he~i 
contact s ' m a ke and break:- 
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CLAIM-CL AIM S 



What I claim as my invention is: ^riaim Number 1) D iscove ri ng; the p ropert y o f any 
wdmsion motor to-aa-^aival^Fnaiof, whea-rotaung without the driving-etectrical 
-pow«t; -pr-&vidi nf{ low - power a hnrn n tin g mrr»nt n !f tp !f f t tht frequency and vottag o of 
- whioh i s proportional to tho angular a p oc d of th e rotor of tho induction motor, and th o 
alt e rnation o f p h ase r, nf the t far ^ - r h aC A ■it A m^ ^Q-nimi rt o utp ut i: in sympathy wit h t he 
d ire ction of - ro ta tion of the m a gnetic field which is in logi c al n a tation to the rot ati on of thu 
rotor. 

- (Depondont-€*aiffl Number I > To ut i lize th o l o w - p o w e r o fc o rnating current output 
£efl*4be induction mo t or b o ing gene rate d i n condition s dos crib o d in Claim Number 1, tho 
«s«-ef-efle-op4wt»-n» ati - pn l H o\a rtmm^n^in switfl h rn to mak e- a chang e ove r co that tho 
low powor alt e rnating c u rrent o utput- h ei ng gen e rat e d by t h e m e chanioaJ rotati on of-4he- 
^Qt^4oes-HOt4tiflk.jirto4he e xtremely -lo w i mped eace m a ins powCT -«tppiy-&idV T and -is - 
seated- as a-fi4g4*ak^>meiH<»G«ss^^ or equipment with ^w4tho«t a 

L A^rranggni^tor_u§ing a, single-phase or three-p hase inductio n motor as a mnmrtn 
ggfjgeinei;^ said i nduction motor's rotor by utilizing low-power 

akejaatjng L current generated in jhe jtator winding or w indings of said induction motor hy 
mechanical ro tation of the rotor oi s aid induction motor a t foe tjm e of said induction 
mojor ^_do vjng gjectrical power completely dic onnected from said indu ction motor, for 
!hejairpoie£jOfj^^^ 
comprising: 

said single-phasgjjr three r phase_ir^ 

two sei^j^^omia^i^caJly operated switche s, wherein first set of 
eie^magngtic^Uy .opjgrated s\vitches_wi.Lh_at least one set of contacts in case of said 
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induction motor of single-pha$e type, or at toast two sets contacts in case of said 
induction motor o f three-phase type, opens the low-inipe da fiqe path for the low-power 
alternating cu rrent, generated by the mechanical rotation of the rotor of said induction 
motor in the ab sence of its driving electrical ppwer. to the source of s aid elec trical power 
and various transforming and/o r drivin g elements thereof; the second set of 
electromagnetica ll y operated s witch es with at lea st one set of e p ptacts which closes in the 
even t of said first s et of eiectromagn etically op e rated switches having opened due to an 
electri cal c ommand tp it or due to an electrical power outa ge. 

allows for the rputi ng of a f orementioned low-pow^r ^l^ir^ti ng current ganerated by said 

induction motor in aforesaid condition, qs a signal to anv process-control device or 
eq uipment regardless of said signal s manifestat io n in the form p f anv alarm or display. 
whereas for complete electrical isol atio n between said alternating c urrent signal produ ced 
by sai d induction motor in said c ondit io n and the source of said electrical po wer together 
with vario us transforming and/or drivin g el ements thereof the numbe rs of sets .of 
co ntacts in aforesaid two numb ers of sets of eiectromag ne ticaUy operated switches Me 
incremented by on e apiece. 



